To understand gustatory physiology and associated dysfunctions it is important to know how oral taste stimuli are encoded both in the periphery and in tasterelated brain centres. The identification of distinct taste receptors, together with electrophysiological recordings and behavioral assessments in response to taste stimuli, suggest that information about distinct taste modalities (e.g. sweet versus bitter) are transmitted from the periphery to the brain via segregated pathways. By contrast, gustatory neurons throughout the brain are more broadly tuned, indicating that ensembles of neurons encode taste qualities. Recent evidence reviewed here suggests that the coding of gustatory stimuli is not immutable, but is dependant on a variety of factors including appetite-regulating molecules and associative learning.
Introduction
The gustatory system, together with the somatosensory system, is involved in analyzing diverse features of food, such as its chemosensory (modality, intensity), orosensory (texture, temperature, pungency) and rewarding properties. Other senses including vision and olfaction also contribute [1, 2] but their modulating roles in food perception are beyond the scope of this review.
The first goal of this review is to elaborate gustatory coding schemes in the periphery and cortical areas. In particular, the review highlights the increasing complexity of the gustatory neural pathway as demonstrated by the finding that cortical areas also contain information about the pleasantness or hedonic value (Glossary) of tastants. The second goal is to show how the gustatory system, at the central level, integrates information from internal signals and changes the tastants' cortical representation accordingly.
Organizing tastes: from taste buds to cortex Gustatory processing is first achieved at the level of tastereceptor cells (TRCs) that are assembled into taste buds (TBs) distributed among different papillae of the tongue, palate, larynx, pharynx, and epiglottis. TBs contain about 100 TRCs that protrude through the lingual epithelium into a taste pore ( Figure 1a ). Upon tastant binding to receptors on microvilli of TRCs, transduction machinery is activated and neurotransmitters are released that cause the excitation of afferent nerve fibres. Two afferent branches of the facial nerve (VII th ) innervate the anterior tongue (chorda tympani nerve, CT) and the palate (greater superior petrosal, GSP). The lingual-tonsilar branch of the glossopharyngeal (GP or IX th ) nerve innervates the posterior and lateral tongue areas whereas the superior laryngeal branch of the vagus nerve (X th ) innervates TRCs located in the larynx, pharynx and on the epiglottis. The CT has two discrete branches -one projecting to the rostral part of nucleus of solitary tract (rNST) that is involved in taste processing, and the other to the medullary reticular formation (RF), a caudal brainstem pathway leading to reflex oromotor functions [3] . The GP and vagus nerves are known to be involved in swallowing, gagging, salivary secretions and motor responses involved in eating [4] .
These three cranial nerve (CN) branches, together with the lingual branch of the trigeminal nerve (V th ), converge in the medulla to synapse in the rNST (Figure 1b) . The rodent and primate taste systems differ -in rodents, fibres from the rNST projects ipsilaterally to the PBN (Figure 1b,c) , whereas in primates rNST fibres project directly to the parvocellular division of the ventroposterior
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Glossary
Broadly tuned : describes a neuron or sensory cell that significantly changes its firing discharge in response to a wide range of different stimuli (e.g. different taste modalities); contrasts with narrow tuning (below). Conditioned taste aversion (CTA) : represents an efficient paradigm of conditioned learning experience where a subject learns to avoid a taste stimulus (conditioned sensory stimulus, CS) that is paired with visceral malaise (strong unconditioned stimulus, US, such as LiCl) [93] . Extinction training : takes place when a behavioral response that had previously been reinforced is no longer effective. Ensemble code : also named 'across fibre pattern', affirms that the information about a stimulus (e.g. tastant) is extracted by comparing the activity across a neuronal population (or ensemble) that responds with different intensity levels to multiple stimuli [94, 95] . Hedonics : the study of pleasant and unpleasant sensations. Intrinsic signal imaging : originates from different mechanisms such as changes in the physical properties of the tissue and/or changes of fluorescence or absorption of intrinsic molecules [96] . However, all these signals can be efficiently used for functional mapping and give rise to similar results [97] . This technique offers the best solution to monitor reliably the activity of different brain regions at high spatial resolution [98] . Labelled line : refers to a coding model in which peripheral (or central) neurons that respond the most robustly to a given taste modality carry the totality of the information to the brain via segregated pathways. Narrowly tuned : describes a neuron or sensory cell that only significantly changes its firing discharge in response to a very precise subset of stimuli; this is in contrast to broadly tuned. Sensory-specific satiety : refers to a decrease in the reward value of an ingested food while leaving the reward value of other foods unchanged. Corresponding author: Carleton, A. (alan.carleton@unige.ch).
